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ABSTRACT
We report the selective erasure of a previously recorded 100% diffraction efficiency grating in a photorefractive
lithium niobate crystal. Both the recording and the selective erasure are carried out using self-stabilized holo-
graphic recording techniques. The recording and the erasure are shown to be in excellent agreement with the
proposed corresponding theoretical model. After erasure, a grating of less than 5% diffraction efficiency remains
in place. Almost no sensible light scattering was detected.
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1. INTRODUCTION
The selective erasure of a previously recorded grating in a reversible photorefractive recording material has been
already reported before, both theoretically [1] and experimentally [2]. The stabilized selective erasure has been
also reported before [3] but in a rather qualitative way with no attempt to find out a theoretical model or to
verify its adequacy to describe the process. In this paper we point out the experimental conditions that are
necessary in order to adequately operate the stabilized selective erasure and show that in these conditions a
simple mathematical model successfully describes the process.
2. THEORY AND EXPERIMENT
The holographic recording is carried out using extraordinarily polarized 514.5 nm wavelength laser beams, with
recording beams of incident irradiances I = 116W/rn2 (signal beam) and I = 141W/rn2 (pump beam),
symmetrically projected onto the input face of a LiNbO:Fe crystal, with the gratingvector K (K = 1O.08pm')
parallel to the photovoltaic c-axis and to the incidence plane. The recording is carried out using a self-stabilized
technique that has being described eslsewhere [3] : It is based on the phase modulation (with angular frequency
c and phase amplitude bd) of one of the recording beams. Such a modulation produces harmonic terms in
ci in the overall irradiance at the sample's output, where the first (Iv) and second (If) harmonics along the
direction of any one of the recording beams (here, the signal beam 8) are
I = bd\/i.Jsin(BESc) sin cc, 1n cos cp, with ./ij(1 — i) = sin(BE) (1)
where E8 is the amplitude os the space-charge electric field modulation that is recorded in the crystal's vol-
ume and i is the diffraction efficiency of the associated index-of-refraction volume hologram, B is a material
parameter defined elsewhere [3] and ço is the phase difference between the transmitted and the diffracted beams
behind the sample, along the pump or the signal direction. In the presence of a strong photovoltaic field Eh it
is ço ir/2 and, in this case, the formulas in Eq.(1) become
I: bdv"it7sin(BESC), Icz 0 (2)
This means that I can be used as error signal in a negative feedback loop in order to operate an active
stabilization setup: The sign (+ or -) must be adequately chosen because one sign will allow recording whereas
the other one will not allow recording or alternatively will record in counter-phase relative to an already recorded
grating, that is to say, that will erase the grating in a stabilized mode. The I in Eq.(2) is used to follow the
temporal evolution of the recording. An auxiliary weak direct laser beam of 633nm wavelength is directed onto
the sample at the Bragg angle and its diffracted beam is used to qualitatively follow the evolution of ijduring
recording and erasure. Fig.1 shows the evolution of I (thin curve) and the auxiliary beam (thick curve) during
recording and erasure. The I increases (in absolute value) to a maximum (where ? = 50%) and then decreases
down to zero (where i = 100%). The 100% diffraction efficiency is kept for a while and then the sign of the
feedback signal is changed by 1800 to produce the stabilized selective erasure (the second cycle in Fig.1). It is
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possible to show that in the present conditions the recording and the selective erasure should be ruled by the
following equations [1]
E(t) =
—ImIEPh(1 — e_t/Tsc)
E(t) =
—mEph(l — etR/Thc ) e' + mlEph(1 — e/Thc)
(3)
(4)
The first term in Eq.(4) represents the uniform-light erasure of the previously recorded (during a time lR) grating
while the second term represents the counter-phase recording of a new grating. The characteristic recording
time here is rM where M is the so-called Maxwell (or dielectric) relaxation time [4]. The erasure of the
previously recorded grating is completed (withing less than i ) along a time tE that verifies the relation:
E(tE) = mIEPh [i + (e_tR/TM — 2) c_tB/TM]
3. RESULTS
(5)
The steady-state quantity in Eq.(1) is substituted by the time-dependent expressions of EE(t) in Eqs.(3)
or (4) for recording or erasure and the corresponding theoretical expressions are fit (continuous curves) to the
experimental data (circles) in the recording and the erasure cycles that are separately shown in Figs.2 and 3,
respectively. The experimental data in these figures are sampled from the data in Fig.1. The theoretical fit are in
excellent agreement both for recording and for erasure, with a very good agreement (within 0.06%) between the
resulting values for TM . In spite of some already published [3 , 5] results showing strong light scattering effects
during holographic recording in LiNbO3, there were no such effects detected here as shown by the constant
(within 0.03%) height of the (absolute) maximum for the successive recording and erasure cycles and by the
good agreement between the best fit values for TM computed from both cycles.
4. CONCLUSIONS
We have shown that it is possible to selectively erase a previously recorded photorefractive hologram using self-
stabilized recording. The present technique is very reliable and reproductible and fixes the pattern of fringes at
the adequate position either for recording or for erasure: The hologram is automatically found out and acted
upon. The technique was shown to be applicable to a photovoltaic iron-doped lithium niobate crystal and
the data were shown to be in excellent agreement with a simple theoretical model. The present technique has
potential interest for optical data processing, memories and photorefractive hologram fixing.
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Figure 1 : The thin curve shows the
evolution of I during recording (first
cycle) and erasure (second cycle). The
thicker curve is the diffraction of the
probe beam. All ordinates are in arbi-
trary units.
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Figure 2: Fit of the recording cycle
leading to TM 522 s, BlrnIEph
10.4 rad and tR 188 s.
Figure 3 : Fit of the erasure cycle lead-
ing to TM 528s, and tE 139 s.
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